In fact, atmospheric pollen has been found at sea-level at all points across the Atlantic ocean between Sweden and New York. Erdtman (1943) analysed the air in mid-ocean during early summer by means of a vacuum cleaner, and found the concentration of pollen grains to be 0.7 grain per ioo cubic metres. At this point the commonest genera were Betula and Pirus. The comparable figure for the Swedish mainland was I 8,ooo grains per i 00 cubic metres.
In view of these differences between insects and wind in the possible maximum distances over which they could carry contaminant pollen, it was thought desirable to carry out experiments on the effects of distance on contamination in two wind pollinated crops, beet and maize.
Beet, though generally regarded as wind pollinated, is probably to some extent pollinated by flies. In open flowers a disc, moist with nectar, is plainly visible, between stamens and style. The anthers, though hinged, are not versatile and flies of various kinds, including hover flies, can be seen visiting these flowers, though they do so 235 erratically and spend much of their time walking over other parts of the inflorescence searching for nectar. In 1944 an experiment was carried out, designed to assess the relative importance of wind and insects in pollinating spinach beet. Cages of various kinds constructed to exclude wind and flies, wind alone or flies alone, were placed over individual plants; but all caged plants died, even those in which the cage was open at the top.
EXPERIMENT I-BEET Spinach Beet and red beet of the variety Crimson Ball were used, for with the former as seed parent, hybrids can be recognised at a very early stage among the progeny. Even the radicle emerging from the germinating seed is suffused with the anthocyanin introduced by
Crimson Ball pollen.
The first attempt was a failure. The two varieties were sown at the same time in one year and planted out in the following spring in an arrangement similar to that described in the previous paper for turnips (Bateman, 1947) . There was a square of Crimson Ball with arms to east and west three rows wide of Spinach Beet. The two varieties scarcely overlapped in flowering time, Spinach Beet bolting much earlier than Crimson Ball. Consequently, of the thousands of test progeny grown, only one contaminant seedling was observed. This served to emphasise the importance of isolation in time as a means of preventing contamination.
The following season the Crimson Ball was sown a month earlier than the Spinach Beet. In this way a greater degree of overlapping was obtained than the year before. The Crimson Ball was, however, much poorer in growth than the Spinach Beet. The central contaminating plot consisted of 169 plants of Crimson Ball. There were two arms of Spinach Beet, running north and south, each consisting of three rows. All plants were 9 inches apart each way. The north and south arms had 87 plants and 102 plants per row respectively. The three rows were designated a, b and c, a being the eastern and c the western row. The first five plants of each row were harvested and after that every fifth plant. All seed from each plant was harvested and a representative sample sown in i 2-foot drills so that up to 400 seedlings were obtained from each tested plant. Some plants produced a very poor seed crop, so for each distance the results from the three rows were pooled and the contamination calculated from the pooled date (see table i ).
It will be seen at once that the maximum contamination is very small, about io per cent. This is probably due to the fact that in spite of their longer growing period the Crimson Ball plants produced much smaller infiorescences than the Spinach Beet. Their pollen would therefore be swamped by the Spinach Beet. There is no apparent difference between contamination in the two arms though one might expect some in a wind-pollinated crop. The similarity between the general distribution of contamination in this and in the previously discussed radish and turnip experiments (bc. cit.) is very striking in view of the differences in pollination mechanisms. There is the same rapid fall over short distances but with a residual amount persistent up to relatively large distances. EXPERIMENT Il-MAIZE Though the role of insects in beet pollination is uncertain, there is no doubt about the identity of the pollinating agent in maize. Bees often visit the tassels to collect pollen but they do not visit the silks.
A plot was laid out parallel to Experiment I. The contaminant plot consisted of 144 plants of Early Yellow Flint, ii feet square with x foot spacing each way. The stringers consisted of a single row of Canada Gold with 2 feet spacing. Using these varieties contamination is measured as the proportion of flinty seeds on the Canada Gold ears. The X stringer extended for 84 feet, the S stringer for 78 feet. Though the two varieties overlapped to a great extent in flowering period, the flint corn was slightly earlier than the sweet corn. Canada Gold, being an open pollinated variety, showed considerable individual variation in flowering time and in the interval between tasselling and silking. This meant that, cutting right across the variation in contamination due to isolation distance, there was variation due to earliness of silking and the degree of protandry. The latter is important in a sparsely planted stringer such as was used, because of its determination of the amount of non-contaminant pollen available at silking. There might also be expected variation between the cobs on one plant arising from their sequence of silking. On the other hand, the non-uniformity in time of tasselling of the Early Yellow Flint variety only serves to provide a steadier and longer supply of contaminant pollen, thereby reducing the error variation of contamination.
To provide a check on any variation not due to isolation distance, periodic surveys were made to obtain approximate dates of pollen shedding (not tasselling) and silking of all Canada Gold plants. Also, when harvesting, made a note of the position of the ear on the plant. This provides a record of the order of flowering since the highest ear on the main axis is the one which has silked first the tillers being always later. Where tillers produced terminal female or hermaphrodite ears instead of tassels this was also recorded. disappeared. This is seen in fig. i . Here it can be seen that contamination is generally higher in the X stringer than in the S stringer. The prevailing wind during the flowering period was south-west, so the cause of the difference is obvious.
There still appear to be a few anomalous plants. Examination of their pollen shedding and silking records, however, throws considerable light on their behaviour. For example, Plant X so gives too high a contamination (0.4190). It had already begun to shed its pollen on 31St July, but the first silks did not appear until gth August. Thus self-pollination is almost ruled out. The nearest plants shedding pollen on 9th August were JI 54 to leeward and X4 to windward. Another plant with anomalously high contamination is S 36. This had its silks out on 31St July when there was very little Canada Gold pollen about, though Early Yellow Flint was shedding much pollen.
As in all previous experiments, over short distances there is a rapid fall in contamination with increasing distance, though the fall then continues gradually as the isolation distance becomes larger. Though great weight cannot be attached to it at this stage, it appears Q that the contamination continues to decrease with increasing distance at all distances in the experiment. As maize is the only completely wind-pollinated crop dealt with so far, this is possibly of some importance. It might be traceable to a basic difference in the modes of action of insects and wind in pollination.
Where the requisite ears were available, an analysis of variance was carried out to test the effect within the plant of time of silking on contamination. The first ears on the main axis had greater contamination than the later ears on the main axis, the first ears on the tillers and the terminal cobs on the tillers. Though none of these 
differences were significant, they were all in the direction to be expected from the effect of time on the contamination of individual plants.
In spite of the thin spacing (a single row of plants 2 feet apart) there appeared to be an adequate pollen supply, as most of the ears showed a seed set of 90 per cent, or more. This was so even at the ends away from the contaminant plot. There were a few exceptions which proved the rule. Ten plants of Canada Gold had a seed set of less than 70 per cent. Of these five produced their silks before s0 20 30 5th August and three on or after 22nd August, that is, before or after the main production of Canada Gold pollen. The two remaining plants were badly attacked by smut. The weather conditions were generally dull and damp throughout the flowering period, which may have adversely affected the dispersal of the pollen. This would raise the percentage set in a sparsely planted plot, and would also reduce the extent of contamination.
EXPERIMENT III-.-POLLEN DISPERSAL IN MAIZE
One may perform an experiment on contamination in a windpollinated crop like maize, in such a way that variability of the contaminated variety in tasselling, silking, etc., is completely eliminated as a source of error. This was done by dispensing with the contaminated variety. In other words the plants exposed to contamination were replaced by slides coated with gelatine all exposed at the same height above ground, at the same time and for the same period, the only variables being the distance and direction from the source of pollen.
The density of the deposit of maize grains on the slide was measured by adding to the slide a drop of glycerine containing basic fuchsin, placing over it a finch square coverslip, and counting the number of maize grains under the coverslip. Though pollen of other species was deposited on the gelatine, maize grains were readily distinguishable if only by their large size. A series of exposures was made for a number of days under varying meteorological conditions to assess the effects of rain, wind velocity and direction, etc. In this experiment, at each site two slides were exposed back to back in an erect position, as shown in the inset to fig. 2, 3 feet above ground level and protected from the rain by a small tin lid. With the exception of site 0, one slide faced towards the centre of the maize block and one slide faced away from it. This arrangement would throw some light on the effect of atmospheric turbulence on pollen dispersal, i.e. the deviation of the paths of flight of pollen grains from straight lines. Fig. 2 shows the arrangement of the exposed slides, the pollen source, and the position of wind breaks. The five exposures were made at the times and under the conditions shown in table 5.
The results for each distance in each stringer for each of the five exposures are shown in table 4. For the sake of clarity the sum of the two back-to-back slides is given for each site. In the Grand Total the figures for site o have been multiplied by 3. These results are shown graphically in fig. 3 . In order, however, to show the variation between the two slides, the grand totals for all stringers are partitioned into (a) the number of grains on the side facing the pollen source, and (b) the number of grains on the other slide of the pair. in each case will vary with the wind direction. For this reason the difference between (a) and (b) is less marked at sites o and i than at the remainder, which clearly show that maize pollen tends to drift in straight lines and thus is only rarely deposited on the slide facing away from the source. As to the general effect of distance on pollen distribution or contamination, these results show, with much less error variation than Experiment II, that maize pollen is not carried very far. With regular increases in isolation distance the dangers of contamination will diminish rapidly at first, but more and more slowly as the isolation distance becomes greater.
CONCLUSIONS
Neither beet nor maize are typical wind-pollinated species. Beet has members of the Diptera as supplementary pollinating agents.
Maize has excessively large grains which are consequently less buoyant than grains of other anemophilous plants. They will not therefore be distributed so widely by a given wind. From the totals for sites from 2 upwards in each arm we can deduce the mean wind direction during each exposure. Even in the grasses, however, with very buoyant pollen, one 'would expect the curve relating contamination to distance to be of the same basic shape as in maize, the difference residing in the slope. This is shown in a large series of experiments carried out by Jensen and Bøgh (i4i) . They observed the numbers of pollen grains deposited on vaseline-smeared slides exposed down-wind from large plots of the following crops rye grass, timothy grass, cocksfoot, rye and sugar beet. In all cases the distances involved were very much greater (0-1200 metres) than in the above experiments.
In the cases of rye grass and cocksfoot there is an appearance of a minimal value beyond 500-600 metres of about one-twentieth the concentration at the source. This might represent the general level in the atmosphere due to other sources, which would be increased by misclassification of pollens which might well arise in the grasses. If, however, we allow for the difference in scale of the distances for grasses and sugar beet and for maize the shape of the frequency curve is strikingly similar in Jensen and Bøgh's diagram and in the maize results published herein.
In Experiment III of the previous paper in this series (Bateman, 1947) it was shown that the smaller the mass of the contaminated variety the more gradual was the slope of the curve. Increased buoyancy of pollen would have an effect similar to that of decreased mass. It is reasonable to suppose, therefore, that the effect of buoyancy in grass pollen could be counteracted by increasing the mass of the variety.
In spite of the differences between the pollination behaviour of maize and beet and between both of these and the entomophilous species dealt with earlier (bc. cit.), they all show substantially similar relationships between contamination and isolation distance. In every case a great reduction in contamination is produced by the first ten to twenty feet, and though contamination continues to decrease with increasing isolation distance beyond this point, the rate of decrease becomes steadily smaller. We can conclude, therefore, that though significant differences between wind-pollinated and insect-pollinated plants may be disclosed later, the evidence so far does not justify the use of isolation distances of different orders of magnitude in these two kinds of crop.
SUM MARY Beet and maize were used for a study of the influence of distance in reducing cross-pollination, i.e. in effecting isolation in windpollinated crops, under conditions conducive to cross-pollination.
In beet, Carter's strain of Spinach Beet was exposed to contamination from red beet of the variety Crimson Ball. The maximum contamination (at distance zero) was low (io per cent.) because of the relatively small inflorescences of the red beet. With increasing Q3 distance, contamination rapidly declined. At 30 feet it was x per cent. of the maximum. In maize, Canada Gold (sweet corn) was contaminated by Early Yellow Flint, contamination being discernible on the ripe ear. The results were similar but there was a distinct variation in contamination with direction from the contaminant, variation attributable to the wind direction being mainly south-west. One per cent. contamination was observed at 50 feet in the northern direction and 40 feet in the southern direction.
In both crops the rate of decrease in contamination steadily decreased with increasing isolation distance.
A high error variance between plants of Canada Gold was found to be due to variation in their silking time (female flowering). Latesilking plants missed the main flowering period of the contaminant variety, and therefore had less contamination than earlier plants at similar distances.
In the following year the use of glycerined slides to trap pollen grains around a maize plot produced evidence completely corroborating the previous contamination results. Here the time factor was eliminated from error variation. A distance of 6o feet was sufficient to reduce atmospheric pollen to I per cent. of the con-. centration obtaining within the plot.
The results of other workers on pollen dispersal in herbage grasses and beet, after due allowance has been made for a greater buoyancy of pollen in these crops, agree with the present maize results.
One may conclude that the requirements in respect of isolation distance of wind-pollinated and insect-pollinated crops are similar. The greater buoyancy of the pollen of some wind-pollinated crops could be allowed for by increasing the size of plots liable to contamination.
